Sinonasal adenocarcinomas, a relatively rare entity, are composed of distinctly different morphologic subtypes with variable biological behavior. To investigate the genetic events associated with their development and clinicopathologic features, we analyzed the alterations in K-ras, APC, b-catenin, hMLH1 and hMSH2 and p53 genes expression in a cohort of 15 primary tumors comprising the two main sinonasal adenocarcinoma subtypes (enteric and seromucinous). The patients consisted of 13 men and two women, who ranged in age from 50 to 87 years. Tumors were predominantly located in the ethmoid sinus. Eight tumors were Enteric-type, and seven were seromucinous type. Nine patients were smokers and four were nonsmokers; and no information was available on two patients. Two of the eight enteric-type, had K-ras mutation at codons 12A and 12B, and one showed microsatellite instability at BAT-25. Two patients with enteric-type tumors had a history of wood-dust exposure, and one had a K-ras mutation at 12A codon as well as p53 overexpression. No patients with the seromucinous type had any genetic abnormalities, except for overexpression of p53 in two tumors. Our results show that (1) a subset of enteric-type sinonasal adenocarcinoma shares certain genetic alterations with colonic adenocarcinomas, (2) the seromucinous-type sinonasal adenocarcinoma lacks alterations and may develop through a different pathway, (3) high p53 expression is associated with aggressive tumor features in both subtypes and (4) the enteric-type runs a more malignant course than the seromucinous counterpart.
Primary sinonasal adenocarcinomas (SNACs), excluding those of salivary origin, are uncommon and represent approximately 10-20% of malignant neoplasms at these locations. Despite their common origin from an ectodermally derived respiratory mucosa, they manifest two distinct phenotypic categories, including the enteric and the seromucinous adenocarcinomas. 1, 2 The underlying mechanism for their histopathologic diversity is unknown. Our group has recently shown that the respiratory epithelium undergoes intestinal epithelial metaplasia ( Figure 2a ) prior to the development of the enteric-form of sinonasal adenocarcinoma, supporting histogenetic resemblance to primary colonic carcinoma. 3 We, therefore, hypothesize that the enteric-type shares common genetic alterations with primary colonic adenocarcinoma and differs from the seromucinous-type.
Previous investigations have shown that certain genetic alterations at the adenomatous polyposis coli (APC), b-catenin and K-ras genes, and mutations and/or deletions of the p53 suppressor gene characterize colorectal tumorigenesis. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Also, microsatellite instability (MSI) caused by alterations in nucleotide mismatch repair genes, including hMSH2, hMLH1, PMS1, PMS2 and GTBP, has been reported to be associated with a subset of these tumors. [10] [11] [12] Molecular studies of SNAC are rare and limited to the intestinal type and have reported contradictory results. Wu et al 13 in a study of the enteric form, reported a lack of point mutations in the first or second exon of the K-ras oncogene, and only two p53 mutations in 11 specimens. However, a recent study by Saber et al 14 found four K-ras mutations at codons 12 or 13 in 28 patients with sinonasal adenocarcinoma, while only one of 13 enteric-type tumors had K-ras mutation.
To examine the molecular events associated with the phenotypic diversity of SNAC, we performed molecular and immunohistochemical analysis on 15 primary tumors of both types.
Materials and methods

Specimens
The surgical pathology database of MD Anderson Cancer Center from 1995 to 2003 was searched and 16 patients were identified who had sinonasal adenocarcinomas with available tissue blocks from curative resection or tumor biopsy. All slides were reviewed to confirm the original diagnosis and to select blocks for this study. Histologic classification was based on criteria of Kleinsasser 15 and Batsakis et al. 16 Histological slides were reviewed by two pathologists operating independently of clinical information. Patient information was extracted from medical records. Records were reviewed for age, sex, race, history of exposure to dust or smoking, site and stage of tumor, type of treatment, and follow-up status.
DNA Extraction
DNA was prepared from tissue specimens stored in paraffin-embedded, 4% formalin-fixed blocks. In a few cases for which this isolation technique was insufficient, genomic DNA was extracted by microdissection of hematoxylin-and eosin-stained slides without coverslip. A 27 1/2-gauge needle was used under low magnification ( Â 4) in selected areas where the neoplastic cellularity was 450%. Genomic DNA was extracted from the microdissected tissue, as described previously. 17 Briefly, three 5-mmthick sections were extracted twice in 1000 ml of xylene for 30 min and twice in 1000 ml of 100% ethanol for 3-5 min. The solid residue was dried by evaporation, after which 75 ml of lysis buffer was added (0.25% Tween-20, TE9, 2 mg/ml Proteinase K). The mixture was incubated overnight at 561C. The Proteinase K was deactivated for 10 min at 1001C. The condensate was separated from the insoluble material by centrifugation. 
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Molecules Analyses
DNA could not be isolated in one patient with enteric-type. Therefore, seven enteric-type and seven nonseromucinous tumors were analyzed. Analysis of K-ras, APC, and b-catenin gene mutation was carried out as previously described. 5 Immunohistochemistry for microsatellite analysis of markers hMLH1 and hMSH2 was carried out according to the method of Alexander et al. 18 Immunohistochemistry for p53 protein was also performed according to previously published method. 19 Overexpression of p53 protein was considered to be present when more than 50% of the nuclei of tumor cells were strongly stained.
Results
Clinical Data
The clinicopathologic findings of all sinonasal adenocarcinoma cases are summarized in Table 1 . Histopathologically, seven tumors were seromucinous-type ( Figure 1a ) and eight were enteric-type (Figures 1b and 2b) . All of the seromucinous adenocarcinomas were of the low-grade category. Six of the eight enteric-type carcinomas were moderately differentiated villo-tubular adenocarcinomas and two were well-differentiated adenocarcinoma with mucinous component. Of the 15 primary tumors, 13 occurred in men and two in women. The ages ranged from 50 to 87 years, with a mean of 67 years. Ten primary tumors originated in the ethmoid sinus, one in the maxillary sinus and two in the nasal cavity; and the primary site was unknown for two cases. Six of eight patients with enteric-type carcinomas and three of seven with seromucinous form had a history of smoking. Two of the eight patients with the enteric-type carcinoma had a history of wood-dust exposure and were also smokers. Initial surgical treatment included five craniofacial resections, four medial maxillectomies, two endoscopic resections, one partial maxillectomy, one transpalatal resection, and two unknown. Table 2 presents the molecular findings of sinonasal adenocarcinoma. Two K-ras mutations at codon 12 were identified in two of seven enteric-type carcinomas (29%) but in none of the seromucinous carcinomas ( Figure 3) . One of these tumors manifested associated p53 overexpression and MSI (14%). Two of seven (29%) seromucinous-type tumors had p53 overexpression, and none had any genetic alterations at the genes tested. No mutation at the APC or b-catenin genes was present in any tumor of either type. Alteration in hMLH1 expression was identified in two moderately differentiated enteric-type carcinomas, and one also had alteration of hMSH2. None of the seromucinous cancers showed MSI.
Genetic Alterations
Discussion
Our results show K-ras mutations in 29% of the enteric-type carcinoma tumors and in none of the seromucinous-subtype. A similar incidence of mutations at this gene has previously been reported in studies of primary colorectal carcinomas.
14 This is further underscored by the detection of an MSI, a feature commonly present in a subset of primary enteric adenocarcinomas, in one of the enteric-type with K-ras mutation. Because of the phenotypic similarities between primary colonic and enterictype sinonasal adenocarcinomas the presence of Kras mutations in both indicates an early association with their development, regardless of the site of origin. In addition evidence that intestinal metaplasia of the sinonasal mucosa precede to the development of the enteric-type lends further credence to this hypothesis. 3 The lack of other genetic features typically reported in primary colonic adenocarcinoma in our enteric-type tumors, however, suggest that specific events related to their site of origin underlie these differences. We contend that subsequent genetic events, especially in the former, are most likely acquired during the progression as a result of locoregional and other epidemiological factors. [20] [21] [22] [23] [24] [25] [26] [27] These results, along with the lack of any alteration in the seromucinous subtype, support a distinct pathway for the evolution and progression of the intestinal and primary colonic adenocarcinomas.
In our cohort, only three high-grade tumors overexpressed p53, one of which was enteric in type and also had a K-ras mutation. Two patients with these tumors developed local recurrence or metastasis. Studies of colonic adenocarcinoma and a recent study of sinonasal adenocarcinoma have reported a high incidence of p53 abnormalities. 28, 29 Recent studies of p53 in enteric-type adenocarcinoma have associated this finding with sawdust exposure. 13, 28, 29 Similarly an association between dust exposure and epigenetic alterations at the CpG island of certain genes in these tumors has been reported. 28 The underlying factors for the differences between our findings and those of other investigators can be attributed to epidemiologic and/or patient populations variables. Only two patients in our cohort had a history of wood-dust exposure, and it is conceivable that sawdust contributes only to the development of a subset of the enteric-form tumors and that an alternative pathway may play a role in tumors' developing in nondust-exposed patients.
Our findings also suggest that patients with dust exposure develop via a different pathway than those without such history, and that the enteric-form are different molecularly from seromucinous adenocarcinoma. In our cohort, patients with the enteric-form had a more aggressive clinical course, than those with the seromucinous-type. However, because of the small number of tumors examined further studies are needed to determine the effect of tumor differentiation on the clinical behavior of these tumors. Sinonasal adenocarcinomas are generally unresponsive to medical management modalities and definitive surgical excision which achieves local control rates of 50% is the primary treatment of choice. 30 Recently, however, the addition of postoperative radiation following surgical resection have increased the 5-year local control rate to 59%. 31 Since our patient outcomes are consistent with these findings, we, recommend that patients with the enteric-type be treated with surgery and adjuvant radiation therapy.
